




II 







Annapo^s. Md. 




1 



oll«. nim«4iot* 
July li>', 1^49 



Faculty COMiittaa 

Bapartaant of Aertmaatleal l^isMierlng 
t?nl varsity cf Flnaaaota 
■imafipolia« Vinxiasota 



Sira; 



mcloaad HaraaitA la c^latad tba«is aatelttad 

to you for arfafoval. 

Subject t^ala la for partial fulflllwant af 
tha raqulrswanta for a ia^*#6 of »astar of ^risienca 
iB Aeronautical cngtineariny. 



V 







f'- .. . • ',"i^*^t 

, • »_ ,; * -«t^ V' 



9 '. ■^ ^ t9j * w » : • •■» — — • -• ^ 

j • - • *. -• i , • 

V V- ’ • •! - ‘ . • 

I* • ** ^ ”■• •*•••« 



I 



Of* 





L V5 ^ 



TaBU. 07 CCKTSNTS 



Suwaary 



X **2 



Intredaction ^ 5 

XqttipaaBt ead Procsdare " 4*>d 

Besolts and Discasaion " 0*»12 

Cooclasions « 13-14 

Saapla Calculations — *» 16-19 

Appendix A t 18-25 



Bibllograpiiy — — « " 15 

Blasraais, Tables and Qrapbs — -< 



2&-50 



SUMfURY 



An •xp»rlQMntal Investigation was aado on the be- 
havlop of a teat {Mmel constructed of 0.025 aluminum 
corrugation with 0.032 aluminum skin on both aides. 

Such a panel was subjected to a eo^ressive load in the 
longitudinal direeticm with the unloaded edges simply 
supported. The panel was long in reference to its 
width. 

Tests showed that inter-rivet buckling induced by 
Inferlop blind riveting or too large a rivet spacing 
would precipitate early panel failure before actual 
critical load would occur « on a well designed panel. 

Such type of construction proved very stable up 
to loads approaching tho critical value. The strength 
weight ratio indicated It to be vei*y deelrable in air- 
craft construction. 

An analytical analysis was made using both non- 
Isotropic and isotropic plate theory; both methods 
predicted the critical lead to within 7.5 per cent of 
each other, thus indicating that the double skin end 
corrugation typo plate, of the design under consideration, 
acts much like an isotropic plate. 

Because of the fact that such a plate will buckle 
at a load that will Induce strains in the sheet and 
corrugation above their elastic limits, it was necessary, 

1 



r 




2 



in the mnelytleal eneiysl*^ to use reduced ralues for 
the skAuIu* of eleetielty. The prediction of the be- 
havior of the eataX in the plestic reuse i« not oxact 
thus indlcstlng sueh « prediction as critical load is 
difficult for this type construction. 
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problem under consideration in this report vas 
to study tl%o bobsTlor of a plate of the double skin cor- 
rugatioti construction when subjected to a compression 
load* Special esphasis was glren to the determination 
of the critical buckLln^ load. 

A considerable anount ef research work on thla type 
of construction has been csrried out by the Grlerni L* 
Martin Aircraft Factory, but considering the coBqplexl ties 
that arise in the analysis of any noa-lsotroplc plate, 
additional research w<30*k on it seesied warranted* 

The analysis was 11ml tad to aluslniss alloy platea 
ao designed that the initial bucldLing stress of the skin 
end the crlppliac stress of the corrugation wore appro- 
ximately equal so as to eliminate skin buckling before 
panel failure* 

Tho experimental testa were linited to a plate 
loaded with a uniform axial load parallel te the sides 
of the piste; the unloaded edges were sh^ly supported* 
The thesis work was done by tho witer during the 
school year 194^*49 the t^lversity of Minnesota. 

Thesis advisor sms frofesa>r Joseph A. Mise* 
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BQOIF«rJT AKD PSOC»I’URS 



T»gt Swgc^nan, 

The dotaila of tha taat panel ture shoim on Fig, 2, 

The laeteriftl foe* tho penel was furnished by the 
Glenn L, hartln Aircraft F»ct«H*y, fabrication of the 
plate was by the ariter. 

As noted in Pig* 2 the pazxel la tapered In plt£i~ 
form and thiclzaoasj, the original plana for the Investi- 
gation called for a non-taper<»d section but due to non- 
avallabllty of desired material tho plate aas ccaatructod 
as shoen. It vas felt that the mnell mount of taper 
did not watorlally change the conditions thot would 
be found in a non-tapered section. For conaervatlan 
the minimuai section was used for analytical analysis. 

Internal strain gauges with necessary leads were 
placed before fabrication of cover atclns. All atrain 
gauges were placed In duplicate at locations as shown 
on Fig. 2. 

Filler blocks along supported sides to designed 
to separate skins clong supports proved v**ry successful 
in providing a syawetric support. 

Filler blocks at top and bottom of plate deslgpoed 
primarily to trenswit the load to the eorrugetion, were 
found utmecesaery and were removed after initial 
teat. 
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Principal Appcrt. tu8 » 



The principal appairctua required for the taste «as 
a sal table Jii to support the panel mLmply al-ong the 
two unloaded ed^esi a further non-functlonel requlrenent 
was to BMJee the siisele loid light enough for one wen 
to handle. Such a jig mia designed^ details of s^ich 
are shown on Fig. 4. 

A 1^00,000 pound capacity Tlnus Clean testing aachinc 
was used for subject testa. The width of the swivel 
head of the machine corresponded to the width of the 
top of the panel. 



Kinor Apparatus . 

Tlie leads from the strain gauges were soldered into 
a junction box made up with Mallory infant jacks; eon- 
nectlona from junction box to Baldwin and Southwark "K* 
box was by electrical phone plugs. 

Frocedure . 

Tl» general procedure of the tests was to load tl» 
plate by increments, then take strain and deflection 
readings. It was found that for the load that was 
placed on the plate during the tests no appreciable 
deflection was observed, an indication that such tjpe 
construction Is very stable up to critical load. 

?!u:*ee separate tests were made, results of which 
are shown graphically in Figs. 6 to 1^ and in tabular 
fora o«i Tables I to III. 
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Testa are described sep&rstelj belov giving details 
of eaeh. 



Teat X* 

Lead increnents of 6,000 pounds »ere aprlled; at 
panel loed of 23,000 pounds local fsl lure occurred at 
top ef panel, ^‘pon investigation of local failure it 
was found that edse attpports did not run up high eaoug*, 
giving an unsi:^ported section of 2 inches at top of 
plate. Corrective Measure takeit was to reaove tlu» 
upper l}f inches of plate, giving only a inch unsup* 
ported plate for teat nu»ber two. 

Test IX* 

Load increments df 6,000 pounds were applied with 
one Intsraediafce panel load of 19»"^5'0 pounde. Panel 
load went to 30,000 pounds **t which point local 
failure occurred at bottoen of panel. Upon investigation 
of local failure it was found that the fill ir block on 
bottom did not tranaait the load properly to the coxuni- 
gation and caused a local failure in bearing of tlie 
cormigation. ^hls was corrected by triiaslng inches 
frees the bottom and removing filler block. 

Test III . 

Load Incresients of 12,000 poiaads were applied up 
to 2l|.,000 pounds, plate remeined stable to 30,000 
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pounds ftt slxich point r^diwrs sero recorded, l^pen 
increasing the load to 3 I ,600 pounds a failure occurred 
at approxinetelj 12 inehee fros* the top of the panel. 

The failure at first sppeared to bs the critical load 

I 

for the panel but upon exasdnation of failure it was 
observed that at peint of failure, on one of the cover 
eheote, one h<»*leontal rov of rivets had pulled out thus 
subjecting the skin to twice its original vmsupported 
length, this reduced the critical buckling stress of 
the sheet to a point «diich precipitated the failure. 

Above plate load of 30,000 pounds it wcs obeerved 
that lnter*rivet buckling had started. 

Upon reaching tho load where one row of rivets 
pulled out it appeared as though plate had sta2*ted to 
fora 3 definite half sevos of a^proxiaately equal 
length, the loading was not continued however since 
another test was to bo r.m on the undsaaged rea&inder. 

Test IV. 

iOmtm 

Plate was triaaed to a 5^ Ineh length. I«ead incre<> 
aents were applied slnllar to those in test three. 

Inter-rivet buckling was observed to start at panel 
locd of 31 » 000 pounds. Oao definite half wave foriaed in 
the longitudinal direction at e load of 31^,000 pounds at 
which point severe inter-rivet buckling occiirred on one 
plate, while other plate remained flat. Maximia deflec- 
tion of half wave was at center of plate and was eetlaated 
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t9 be CUM end OAO h*lT laebee, elace deflection eas 
greater than Aeies dial capacity at that pelnt * 
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Loa4« d«ta la pr«sa2it«4 on Tablaa I-IV* 

nia pjrlncl]Mil strains wars obtained fron roeatte read- 
ings by Method described in Xaferenee 2 of bibliegrsphy. 
FXets of principal stresses Terens plate load# are 
shewi on Figs. 5-llt, 

It was unfortunate that vnm^ of the four tests 
preduoed a true critical load on the plate, heverer, 
it vea felt that the tests proved successful as thsj 
cles/sly showed the stsblllty ef this type constritctlon 
in the region of design load* The indications of the 
tests were such that the panel would be veil in its 
plastic range before the eritical lo«*d would be reached 
a theoretical analyaia, which will be presented oubse- 
Quently, bears this fact out quite clearly* 

Ixiaiffituch aa the critical load on a panel euch as 
this is of no practical value, it is used extensively 
se a design criteria, that is by being able to predict 
what the critical load is and knowing the behavior of 
the plate up to critical, a safe design load say ba 
arrived at* 

The tests bore out the f act tJiat any rivet failure 
will induce early skin instability, it appeared tliat 
bad the rlvot epaeing been decreased to three fourths 
of an inch, the skin would have rertained stable end 
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pro^ftbXj votsld davo the plate to reech a full 

critical raluc. 



Theoretical Analysis . 

The BMthod twed in the theoretlesLl analj-sls follows 
quite closel 7 the work as presented In Reference 1* 

The critical load an a non-lsotrople plate slellarly 
loaded and supported to the oa» ef this test is glTen 
in Reference 3 as: 

'CR * / (DxHEy) 4 P 3 

where: P(j 2 • critical load In pounds per laiit width 

b a plate width, smoII In reference to length 
Djj s arerage flexural rigidity per unit width 
of tha plate parallel to the 7 axis 
a acaee as but parallel to x axis 
D3 * +/{ f 2(ai)3jy 

2(01 )jjy * averat* 5 e torei<K»al rigidity of the plate 
(ratio of the moesent per unit width to 
the twist) 

also: Dx • ■ > % • ■ 

^ yiytl 

Since flexural rigidity about an axis parallel to 

y is contributed to by both sheet end corrugation, and 

about an sxls parallel to x is contributed sieinly by 

sheet, and Dy are conservatively written as; 
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Fcac* further eonaervetlea effect of eonru^^tion in Is 
esiitted in evaluetion of D^t hence s 

»3 • - — i‘ 2(«l)xy 



In Reference 1 it is shown that the tern 2(01)^ is s 
constant end can he replaced by Q^tud^, where': 

Oq ■ effective sho«a* eodulus 
tf • bare skin thic^ess 
d ■ distance between ifelns 
Tests conducted on corrtv*atlcn eoliasns at the 
Olenn L, Vartin Company indicate tl^mt the tangent 
sfcodulus of elasticity the eompression stress strain 
cuz*ve can be used to predict the value of for the 
type plate in qi:eation, hence Fii;. l8 wes plotted froei 
properties as given in Pig. 17. 

else taken as the tangent modulus of the 
average strain strain curve fTcra tlw prcjper ties of flat 
sheet when the critical buckling load hes been exceeded. 
Such a curve la plotted on Fig. 20 from data of Fig. 19* 
For coneervatlffia (Bg)y has be«Hi taken as equal to 
(Ba)x. 

Rffective shear modulus has been studied quite 
extensively for this type ccaistructlon in Reference 1, 
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ftnd A valiM of 0*7 0 has proved to bs quits rsliabls 
for eaass of tbs plsba bslng strsesed abovs ths elastic 
limit. 

By assuming a series of maximum strains and cal- 
culating ?Qj{ by the non-lsotropis plate equation just 
given, then finding corresponding lead a stable plate 
will carry at aimilar strains by 

fTaheet^sheet plotting reeults, the intersection of 
two plots will give predicted critical load for panel; 
such a plot is given on Pig. 21. A typical calciiLctlcm 
for cialdng the graph ia given under Saeple Calculations 
of this thesis. 

The predicted critical load was detarmined to ba 
pounds per inch of width; for an average width of 
17 inches between aupporta this would, correspond to a 
total panel load of 4-9 j 300 pounds. Vaxlisun strain in 
plate at critical load was predicted at 0.003i|5 Inches 
par inch. 

Tlila theoretleal analysis indicates the plate goes 
well into the plastic range of the material before 
critical load is obtained. In roforance to actual test 
results it can be readily aeon that plate was obeying 
Hooke’s Law almost up to the point where local skin 
buckling precipitated panel fail»i»e, and that if skin 
had not buckled prana turally load could have continued 
up to near predicted critical. 



CCJ0CLU3XOSS 



Corrugation and double skin type of construction 
forma a Tcrj stable paxMl and eelnteins this stability 
very elese to its crltleel load. The strer^th weight 
ratio is very high, a factor of signlfleanee in aircraft 
cons taction. 

Kelating the test results to theoretical ealcula* 
ti<ms Indicates that a design load critical load ratio 
is In tha neighborhood of 0.6, 

Tha n»«d for precise riveting and rigid inspection 
after eowpleting a panel scons very necessary since 
panels of this type depend largely on the flexural 
rigidity contributed by the sheets^ for atablllty, 

fha teat results did not Indicate a true eriticel 
load, however had Inter-rivet buckling been suppressed 
by a wore precise rivet Job o#r a decreased rivet spacing 
it Is believed the actual and predicted critical load 
would have approached each other. 

The analytical analysis is by no iseans an exact 
one, sines various assumptions as to the behavior of 
the plate in the plastic ran/;e have been omde, however 
it appears quite reliable in refertnee to repeated 
eppllcstlona by the Qlenn I*. Martin Aircraft Canpany. 

The plate apparently can bo treated as an isotropic 
plate based on the analysis of an Isotropic plate by 
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the MfiAod of strain ensrgy, ss given in Appendix A. 

Tbo analysis as given in Appendix A predicts a erltical 
load about 7 *$ pax* cant higher than by analysing tl«a 
plate ae being non^iaotropio. 
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